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INTRODUCTION
Red ginseng is widely used for the treatment of various diseases in Asian countries. It is reported to have many medicinal properties that are effective for the treatment of various health problems such as diabetes, insomnia, gastritis, dyspepsia, and the symptoms of overstrain, and fatigue. Red ginseng marc (RGM) is a byproduct of red ginseng extract and is used as an additive in poultry feed due to the positive effects of its components -especially saponins -on the growth, cholesterol levels, and meat quality of livestock Kim et al., 2014) . For example, studies have shown that broiler chickens fed diets supplemented with 3% RGM had markedly decreased mortality and serum cholesterol levels, as well as improved meat quality, suggesting that RGM can be utilized in practical broiler diets (Kim et al., 2014) .
Additionally, it has been reported that the ingestion of fermented red koji (FRK) (red koji rice fermented with the fungi Monascus) can have several therapeutic effects, such as improved digestion and lower serum cholesterol (Erdogrul & Azirak, 2004) . Fungi belonging to the genus Monascus, especially Monascus purpureus, produce a variety of pigments that, when ingested, can be beneficial to animals and
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humans. Red koji, processed by fermentation with M. purpureus, has long been consumed or exported in Asian countries as a dietary supplement and food additive because it contains monacolin K, a bioactive compound (Erdogrul & Azirak, 2004; Arunachalam & Narmadhapriya, 2011) . However, few studies have focused on the effects of different forms of a RGM and FRK blend as feed additives for laying hens. To the best of our knowledge, the present study is the first to develop a processing method to enhance the functionality of a RGM and FRK blend. Our previous research confirmed that the dietary addition of RGM and FRK had a positive influence on the growth performance, meat quality, and fatty acid (FA) profiles of broiler chickens (Chung & Choi, 2016; Kim et al., 2016) . Thus, in the present study, we supplemented the diet of laying hens with different forms of a RGM and FRK (powder, pellet and coated pellet) blend, rather than a single form, to evaluate its effects on the blood parameters and fatty acid composition of the egg yolk of laying hens. The aim of this study was to investigate the changes in the blood parameters and egg yolk FA profiles of laying hens fed diets with different forms of a RGM and FRK blend as feed additives.
MATERIALS AND METHODS
All procedures used in the current experiment were approved by the Animal Care and Use Committee of Heung Saeng Farm (Protocol No. 12-01, Euisung, South Korea).
Preparation of red ginseng marc and fermented red koji samples
The RGM and FRK used in this experiment were obtained from Yusim Co. (Yeongju, Korea). To process the materials, the wet RGM byproduct was air-dried at room temperature for 12h, followed by a hot air drying at 60°C for seven consecutive days until its moisture content reached 12%. The samples were subsequently ground to prepare the fine RGM powder. The RGM and FRK powders were then thoroughly blended at a 9:1 ratio. Thereafter, pellets were prepared from the RGM and FRK blend using a pelleting mill (Kum Kang Eng., Daegu, South Korea). To prepare the coated pellets, the surfaces of the pellets were sprayed with canola oil using a small hand pump, and then allowed to dry for seven days. Finally, the three different forms of the RGM and FRK blend were placed in separate plastic bags in order to prevent cross contamination and were then refrigerated until use.
Experimental design and birds
In total, 240 Hy-line Brown laying hens, of 40 weeks age, were used in this experiment. A completely randomized experimental design was applied, consisting of four dietary treatment with six replicates (cages) with 10 hens each. The four dietary treatment groups were: the control group (basal diet), T1 (basal diet with 1% RGM powder with FRK), T2 (basal diet with pellets of 1% RGM with FRK), and T3 (basal diet with coated pellets of 1% RGM with FRK). The hens were fed their designated dietary treatment for the entire eight-week experimental period.
The basal diet consistent of a standard commercial feed, containing 2,800 kcal metabolizable energy/ kg, 17.5% crude protein, and 3.8% calcium. The cages (30-cm wide × 80-cm long × 50-cm high) were equipped with nipple drinkers and trough feeders. Birds were housed in a windowless laying house at a temperature of approximately 21-23°C and a lighting regime of 16/8 h light/dark was applied. The housing facility was also equipped with a ventilation and temperature control system with variable settings to provide appropriate environmental conditions for the hens. Both feed and fresh water were offered ad libitum to all groups throughout the trial.
Blood collection and cholesterol analysis
At the end of the experimental period, 72 hens (18 hens per treatment group) were randomly selected after 6 h of feed deprivation. Blood was collected from the vena brachialis, located under the wing, using a sterilized syringe and needle. The samples were immediately transferred to vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ, USA), and centrifuged at 2,000 × g for 30 s to separate the serum. Serum samples were stored at -20°C (for up to two days) until used for determination of the serum cholesterol concentration. Serum total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, and glucose levels were assayed by an enzymatic colorimetric method using an automatic analyzer (Hitachi 747, Hitachi Co., Tokyo, Japan) and direct enzymatic kits (Boehringer Mannheim, Germany).
Fatty acid (FA) analysis
At the end of the experiment, 72 eggs were randomly selected (18 eggs per treatment) to determine egg yolk fatty acid composition. To determine FA profiles, lipid was extracted from the egg yolk using a chloroform: methanol (2:1) solution as per the method of Folch et al. (1957) . First, FAs were methylated with boron
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trifluoride after alkaline hydrolysis. The resulting fatty acid methyl esters (FAME) were analyzed by gas chromatography (GA-17A, Shimadzu, Tokyo, Japan) using a CP-Sil 88 column (100 m × 0.25 mm × 0.2 μm) (Chrompack, Middelburg, the Netherlands). Gas chromatography was performed under the following conditions: the initial temperature was 180°C, and was increased to 230°C at the rate of 1.5°C/min. The injector and detector temperatures were set at 240 and 260°C, respectively. A 0.5-μL sample was injected into the liner in split less mode, with a solvent delay of 5 min. For the relative concentration, the peaks were identified by comparison of retention times with those of the corresponding standards acquired from Sigma (St. Louis, MO, USA). All peak areas measured in the FA were between C12:0 and C22:0. The FA levels were expressed as a percentage of the weight of all FAs detected.
Statistical analysis
All statistical analyses were performed using the generalized linear model (GLM) procedure of SAS Institute (2008) and analysis of variance (ANOVA). The same statistical methods used for laying hens as the experimental unit can also be used for pens (per 10 hens). The analysis of significant differences among the means was performed by Tukey's test, with the level of significance as p< 0.05.
RESULTS AND DISCUSSION

Blood parameters
The results of blood parameters in laying hens fed diets with different forms of the RGM and FRK blend after two months is presented in Table 2 . During the experimental period, significant differences (p<0.05) were found in the TC, HDL cholesterol, and glucose levels among the four groups (Table 1 ). The control group had higher TC and glucose levels and lower HDL cholesterol levels than the groups fed the RGM and FRK blend (T1, T2, and T3). Regarding the groups fed the different forms of RGM and FRK, there were remarkable differences in serum cholesterol. The TC and glucose levels were lowest for the powder blend group (T1) and coated pellet group (T3), respectively, whereas the HDL cholesterol level was highest for the coated pellet group (T3). The LDL cholesterol level is not included in the results due to data error.
The results of this study suggest that dietary inclusion of RGM and FRK decreased serum TC and glucose levels in laying hens and increased serum HDL cholesterol level. This decrease in serum cholesterol levels is attributed to the bioactive components of red ginseng marc and fermented red koji, including saponin and monacolin K. This is evidenced in a study by Oakenfull & Sidhu (1989) , in which saponins decreased blood cholesterol levels in birds; these functions were shown to be a consequence of the binding interactions between saponins and cholesterol in the intestinal bile. This suggests that cholesterol absorption is highly regulated and affected by particular compounds. Additionally, the monacolin K present in FRK acts as a potent inhibitor of HMGCoA reductase, which may also contribute to reduce serum cholesterol levels by lowering triglyceride (TG) levels (Wang et al., 1997) . Another explanation is that fermentation is a useful tool for producing bioactive compounds in red koji. According to Ng et al. (2011) , microbial fermentation can enrich Chinese herbs with vitamins, enzymes, and growth factors. Similarly, these results agree with the findings of Yan et al. (2011) , who reported that dietary wild-ginseng adventitious root meal reduced the serum TC and TG levels. In addition, Jang et al. (2007) reported that dietary supplementation of fermented wild-ginseng culture byproduct decreased HDL cholesterol level in laying hens. Conversely, a study by Ao et al. (2011) shows that dietary supplementation with fermented red ginseng extract (FRGE) does not influence the TC of laying hens. Means in the same row with no common superscript are significantly different (p<0.05).
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Egg yolk fatty acid profiles
Addition of different forms of RGM and FRK to the hens' diets resulted in a considerable variation in the relative FA compositions of the egg yolks (Table 2) . Regarding the individual fatty acids, there were no significant differences (p>0.05) in the percentages of myristic acid (C14:0), palmitic acid (C16:0), linoleic acid (C18:2), γ-linolenic acid (C18:3n-6), arachidic acid (C20:0), eicosadienoic acid (C20:2), arachidonic acid (C20:4), eicosadienoic acid (C20:3n-6), eicosapentaenoic acid (C20:5n-3, EPA), and docosapentaenoic acid (C22:5n-3, DPA) among all treatment groups. However, significant differences (p< 0.05) were observed among the groups with regard to the percentages of myristoleic acid (C14:1), palmitoleic acid (C16:1), margaric acid (C17:0), margaroleic acid (C17:1), stearic acid (C18:0), oleic acid (C18:1), α-linolenic acid (C18:3n-3), eicosenoic acid (C20:1), and docosahexaenoic acid (C22:6n-3, DHA). Overall, the percentages of myristic acid, myristoleic acid, eicosadienoic acid, arachidonic acid, eicosadienoic acid, EPA, and DPA were similar for each treatment group, but there was a slight decrease or increase in the percentages of the other fatty acids for groups T1, T2, and T3, compared to the control group.
In the present study, addition of different forms of RGM and FRK to hens' diets resulted in an increase (p<0.05) in the relative percentages of unsaturated fatty acid (UFA) and the UFA:SFA ratio, or a decrease (p<0.05) in the relative percentages of saturated fatty acid (SFA) in the egg yolks, compared with the control group. These findings are consistent with those of previous studies, in which the ingestion of ginseng adventitious root meal reduced the percentage of SFAs and increased the percentage of UFAs, and the UFA:SFA ratio in the egg yolks of the treated hens (Yan et al., 2011) . Additionally, observations of the egg yolks in this experiment revealed that the increase in the percentages of UFAs and the UFA:SFA ratio, and the decrease in the percentages of SFAs in all treatment groups after two months were in the following order: T3 > T1 > T2 > control group. This was primarily due to the significant increase in oleic acid (C18:1), which implies that the increase in the percentages of UFAs and decrease in the percentages of SFAs in the egg yolks as Control: basal diet; T1: basal diet + 1% % red ginseng marc powder mixed with fermented red koji; T2: basal diet + pelleted 1% red ginseng marc with fermented red koji; T3: basal diet + coated pellets of 1% red ginseng marc with fermented red koji.
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Values are expressed as means ± standard error.
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a result of dietary RGM and FRK supplementation may have an effect on the serum cholesterol concentration (Table 1) . First, the other results can be explained by interactions between the bioactive components of RGM and FRK, as described by Oakenfull & Sidhu (1989) and Wang et al. (1997) . In a different study, El-Dakhakhny et al. (2000) reported that using black cumin seeds may have a favorable effect, either alone or in combination with other factors, on the synthesis of cholesterol in the liver, due to the presence of a high percentage of monounsaturated fatty acids. Second, the physical form of feed additives is considered to have a very significant impact on serum cholesterol levels and fatty acid profiles of egg yolks. In particular, coated and uncoated pellets can enhance bird performance by decreasing feed wastage and selective feeding, and increasing appetite and diet density (Jensen et al., 2010; Lv et al., 2015) .
Regarding the health benefits of the treatment, it is known that both eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) -n-3 long-chain polyunsaturated fatty acids (PUFA) -are the precursors of several metabolites that are potent lipid mediators, and are essential for the optimal functioning of cells, brains, tissues, and organs (Serhan et al., 2008) . Moreover, the role of DHA is crucial in the early development stages of chicken, especially for eye and brain development (Lauritzen et al., 2001) , and it is also known that EPA is a precursor of anti-inflammatory eicosanoids (Ajuyah et al., 2003) . Thus, we suggest that feeding coated pellets of 1% RGM with FRK as feed additive is more effective in depositing DHA in the egg yolk and modifying the UFA composition of the egg yolk compared with the other forms of feed additives. Unfortunately, there are few studies focusing on the dietary effects of RGM and FRK on fatty acid profiles of poultry of other livestock.
CONCLUSIONS
It can be concluded that the supplementation of RGM and FRK to a hen's diet clearly resulted in decreased levels of serum cholesterol and SFAs, and increased PUFAs in the yolk. Thus, the use of RGM and FRK feed additives to lower the levels cholesterol and saturated fats in eggs may be more acceptable to consumers. In addition, an important advantage of RGM and FRK supplementation is that the technology required to prepare the powder, pellets, and coated pellets is easy and affordable, and therefore, feasible even for small farmers.
